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(54) Title: CYSTEINE ADDED VARIANTS OF POLYPEPTIDES AND CHEMICAL MODIFICATIONS THEREOF 



(57) Abstract 

Cysteine added variants ("CAVs") of polypeptides 
are provided having one or more cysteine residues substi- 
tuted for selected naturally occurring amino acid residues, 
or inserted into the polypeptide sequence, and preferably 
being further modified by deletion of certain N-terminal 
amino acids. Such CAVs may be additionally modified by 
the coupling of sulfhydryl reactive compounds to the in- 
troduced cysteine residue(s) without loss of bioactivity to 
produce selected homogeneously modified IL-3, G-CSF 
or EPO and improved pharmaceutical compositions con- 
taining the same. 
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ATG GCT CCT ATG ACT CAA ACT ACT TCT TTA AAA ACT TCT 
Mst All Pro K*t Thr Gin Thr Thr Bar Lsu Lys Thr Bmr 



*GG w* AAu iw TCX AAC ATG ATC CAT GAA ATT ATA ACA 
Trp val Asn cy» 6»r Asn nut lis Aap clu XI* XI* Thr 

CAC TTA AAC CAG CCA CCT TTC CCC TIC CTG GAC TTC AAC 

Bis Lsu Lys Gin Pro Pro i*u Pro L*u Lsu Asp Phs Asn 

*>. » 

40 

AAC CTC AAT CCC CAA CAC CAA CAC ATT CTG ATG CAA AAT 

Asn Lsu Asn Cly Clu Asp Gin Asp Us Lsu Mst Glu Asn 
55 

AAC CTT CCA AGC CCA AAC CTC GAC CCA TTC AAC ACG GCT 

Asn Lsu Arg Arg Pro Asn Lsu Glu Ala Phi Asn Arg Ala 

70 

GTC AAC ACT CTG CAA AAT CCA TCA GCA ATT GAG AGC ATT 
Val Ly« esr Lsu Gin Asn Ala fisr Ala II* Glu Bar lis 

85 

CTC AAA AAT CTG CTC CCA TCT CTG CCC CTG GCC ACA GCT 
II* Lya Asn L«u L*u Pro Cys Lsu Pro Lsu Ala Thr Ala 

100 

CCA CCC ACC ACG CAT CCA ATC CAT ATC AAC CAT GGT GAC 
Als Pro Thr Arg His Pro lie His II* Lys Asp Cly Asp 



TGG AAT GAA TTC CCC CGC AAA CTG ACC TTC TAT CTC AAA 
Trp Asn Glu ph* Arg Arg Ly« Lsu Thr Ph« Tyr L*u Lys 



ACC CTG GAG AAT CCT CAC GCT CAG CAG ACC ACC CTG AGC 
Thr Lsu Clu Asn Ala Gin Ala Gin Gin Thr Thr Lsu Bar 

130 

CTC CCC ATC TTC TAG 
L*u Ala Xls Phs Stop 
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^ T M E n N ^f T DED VARIAN TS OF POLYPEPTIDES 
AND CHEMICAL MODIFICATIONS THEREOF 



TECHNICAL PTTTT.n 



This invention relates generally to 
polypeptides modified by the attachment of 
compounds having sulfhydryl reactive groups 
improved methods for producing such modified 
polypeptides and improved compositions containing 
them. The invention relates particularly to three 
modified polypeptides (il-3, g-csf and EPO) , to 
which sulfhydryl reactive compounds, including 
polymers, may be attached at selected positions in 
the polypeptide that have been modified by the 
insertion of cysteine residues or the substitution 
of cysteine residues for other residues. 



BACKGROTmn 



The desirability of modifying biologically 
active and therapeutically useful polypeptides with 
a variety of compounds., such as the hydrephiiic 
polymer polyethylene glycol (PEG) , to enhance their 
Pharmacokinetic properties has been noted. see 
e.g., the discussion of the art in this area of 
polypeptide modification in published PCT patent 
application WO87/00056, in U.S. Pat. No. 4,179 337 
which discloses conjugating water soluble 
Polypeptides such as enzymes and insulin to PEG or 
PPG and in U.S. Pat. No. 4,766,106, which 
discloses conjugating ordinarily water insoluble 
beta-interferon, interleukin-2 , or immunotoxins to 
PEG homopolymers or polyoxyethylated glycerol 
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such -edification can reduce adverse immune 
response, to the polypeptide, increase the 
solubllrty for use in pharmaceutical preparations 
and maintain a desirable circulatory level of such 
5 polypeptide for therapeutic efficacy. 

one problem not addressed by the art in this 

be ea .l n ^T ' Xt " ,t t0 " hiCh « Peptide can 
react^ ** attaChMnt ° f compounds having 

10 cT^T ~- tbrt oovalentiy bond to 

oertain ammo acid residues of the polypeptide, 
.or example, modification of a polypeptide with peg 
or similar polymers, can result in random 
attachment of the polymer at the amino terminus of 
the polypeptxde and/or at one or more lysine 

15 residues in the amino aoid seguence of the protein 
Because more than one peg „,.™„. protein. 

polvneotld- «. ' P ° an attach to the 

polypeptide, the resultant composition may contain 

a heterogeneous mixture of "PEGylated" polypeptide- 

eome polypeptides having only one PBGylat" site' 

20 others having more than one PEGylated site, such 

TZT"'^ ^ 1= undesirable Tr 

Pharmaceutical use. Furthermore, the non 

:t:a c ch f . ol t y with re3ara to ^ -C :; 
»• z r*?,! ot — - peg to 

«Vic":;; of the res , ln loss ° £ bioi °* icai 

uhde S iraLe o ^t:::hme p nt yp t? t r^olrpt n d 9 £rom - 

reouired w , . Polypeptide site 

30 providing materials and meZs tr lllT^Z 
covalent modification of polypeptides by 'lysine 
rnsertron removal, and/or replacement. However 

35 PEGv^r »° 4i "«"°»< *« example, ^y 

PKGylation, may be disadvantageous because not aU 
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modifications may result in biologically active 
compounds and because steps must be taken to 
prevent PEGylation at N-termini in cases where N- 
terminal PEGylation is not desired. 

SUMMARY OT* THE TNVTTWPTrm 

This invention provides materials and methods 
for site specific covalent modification of 
polypeptides, particularly and preferably human IL- 
3, granulocyte colony stimulating factor (G-CSF) 
and erythropoietin (EPO) polypeptides, permitting 
the production of compositions comprising 
homogeneously cys modified IL-3s, G-CSFs and EPOs 
and pharmaceutical compositions containing the 
same. "Homogeneously cys modified- as the term is 
used herein means substantially consistently 
modified only at specific, inserted or substituted 
cysteine residues. a homogeneously modified IL-3 
for example, includes an IL-3 composition which is 
substantially consistently modified at position 6 
(using the convention of counting from the n- 
terminus of the mature protein) by the insertion of 
cysteine in place of the threonine of natn^n IL _ 3 
out not at other positions. 

Thus, this invention first provides cysteine 
added variants ("CAVs") of il-3, G-CSF and EPO. 
CAVs of this invention encompass IL-3, G-CSF and 
EPO muteins that contain at least one additional 
cysteine residue compared to the corresponding 
naturally occurring or previously known IL-3 , G-CSF 
30 and EPO. The cysteine residue(s) are introduced 
into the peptide structure of the CAVs at one or 
more amino acid positions in the natural or 
previously .known counterpart. 
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In the case of human IL-3, we have determined 
that the naturally occurring cysteine residues at 
positions is and 84 form a disulfide bridge, 
essential to preserving the desired biological 
5 activity of the polypeptide. For the addition of 
novel cysteines, some positions within the 
polypeptide, such as position 15 and 51 are 
unsuitable; cysteines introduced at these 
positions give rise to human IL-3 polypeptides with 
10 substantially reduced biological activity 
However, certain substitutions or deletions of 
residues 1-14 do not significantly diminish the 
desired biological activity of IL-3. Therefore, a 

15 ZT X T rS9i0n ° f ^ ° ySt * ine ^troduction 
into the polypeptide is within positions 1-14 
inclusive. Currently, positions 6-12 inclusive are 

IZZ ^^"^ cysteine 

introduction. The subsequent attachment of 
sulfhydryl reactive compounds, including pollers, 
as discussed below, to the novel cysteines added at 
selected^, positions within this region will not 
activity SignlfiCant of biological 

25 used 7 UCySteiRS ***** variai *" as the term is 
EPO - I*"' ^ aean VariantS ° f IL " 3 ' G - CSF -d 

relate r e tt ° dified ^ ^ aCid ^ructure 
restive to naturally occurring or previously 

known counterparts such that at least one cysteine 

30 Z B oT 1S inSerted int ° ^ - P-vicus" 

known sequence and/or is used to replace a 

different amino acid within that sequence 

^Additionally, with respect to IL-3, the native 
or "natural" IL-3 sequence, with an added initiator 

35 ml^° n f e baCterlal eXpression ' «y ^ further 
modifxed such that the first alanine is deleted at 
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the N-terminus of the mature polypeptide, altering 
the ammo terminal sequence from MET*ala*pro to 
MET* PRO (the "mp.. mu tein) . For the "mp" mutein, 
such N-terminus modification permits more 
5 consistent removal of the N-terminal methionine. 

iS already ^ bacterial expression 

systems, cleavage at the N-terminal methionine 
occurs. Likewise, the native epo N-terminal 

10 (With MEP > beglnS MET*ALA*PRO 

and it may prove advantageous to delete the first 
alanine to obtain an mpEPO mutein. with regard to 
G-CSP, the natural human N-terminal sequence begins 
with met* T hr*pro (with the MET added for bacterial 
production) and it may be desirable to delete this 

15 N-terminal threonine to advantageously obtain a 
mpG-cSF mutein. 

be fn A1 ^ ernatlve1 ^ natural IL-3 sequence may 

be further modified such that the first two aminl 

20 are deleted TT™ °' ^^ide 
are deleted, leaving a terminus beginning with 

MET*THR*GLN*THR* (the W mutein) . Per the ^ 

-tern such N-terminus modification permits one to 

take advantage of the methionine at position 3 in 

25 !» it n T rallY ° CCUrring h — IL " 3 ™le, as the 
25 initiator methionine. 

The CAVs of this invention -afce it possible to 
CsTa U „°: "°^«Uy active x^3 o. 

CSF and EPO compositions substantially specifically 
30 1 C ° nSiStent1 ^ —"l- at selected positions 

h^urr 171 reactive 

in the practice of this invention, at least 

IT Z 7^""' is lntroducaa ln 

3= nodi«\ '. ° SP " EP ° peptide where 
nodmcatxon via a sulfhydryl reactive compound is 
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infT ° ySteine reSidUe ° r «. so 

introduced by genetic engineering methods as 
described below. Hovel cysteine residues M y be 
engineered into the polypeptide for exaaple, by 
It? , lnSerti ° n °' S CyStel "» ^ the dna 

des^r " ^ d6Sirea SUe W —ting a 
desirably located asparagine or other ccdon to a 

cysteine codon. convenient methods for site 

10 crc^i" mUtagSnOBls ° r "»* synthesis for 
10 producing e DNA »ol.cul. encoding the desired CAV 

expression in procaryotic or euceryotic host ceUs 

of the DNA molecule so produced 

. , piuuucea, ana recovery o-f 

15 bicl 1 " 6 ,^ ° f lnVenti °" "fi- —ful 

biologxcal properties of the natural or previously 

-logically actij-^id r:t prod r.d 

in homogeneous compositions which, it is 
P^ IT'Zt 1 !^. — cccinstic 5 

Polypeptides. Furthemore, CAVs »,v .1, 
formation of aultineric for»T of L ^alT 
"oneiric polypeptide with the 1,^ 

30 sr thT r r B r at ties - m ™° 

ie tuo tor » at ion of "hetero-conjugates..- 
th!' ' ^ di " lnCt Peptides joined via 

r-tdu^s :T\r7 B ° c «- «— £ 

to "esy.' S " 3 JOinSa t0 EP0 « Joined 
Biological activity of the CAVs before or 
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after modification with the sulfhydryl reactive 
compounds may be determined by standard in yitre. or 
in yiys assays conventional for measuring activity 
of the parent polypeptide. Alternatively, we 
5 provide herein a ..small scale" screening method 
wherein successful Cys modification and attachment 
of the sulfhydryl reaotive compound may be tested 

selective and homogeneous modification of the 
CAVs with sulfhydryl reactive compounds is possible 

onr ! UO \r np °' mas Wil1 — —*JT bond primarily 
only to the cysteine residues, in the CAV. 
Secondary reactivity at His. Lys and ^ resldue(s) 

sulfh „ f erVed ' dePe " aln9 OT th * *oice of 
sulfhydryl reactive compound, but at a 

produced° antly l0 " er Mte - ThS ~ difi ^ so 
produced may then be recovered, and if desired 

IT^l^T £0raUlatea lnto *»— 

compositions by conventional methods. 

sulfhydryl reactive compounds include 
20 compounds such as polyalfcylene glycol eg 
polyethylene and polypropylene glycol! as well 'I, 
derivatives thereof, „ ith or ^ j£ » 

agents or derivation with coupling 2 
activating moieti.= ... ..... . P 9 or 

25 t rifl»<-. * , " =«mpie, with thiol, 
tnflate, tresylate, aziridine or oxirane „ 
Preferably with s-pyridyl or maleimid. moieties 
compounds such as s-Pyridyl H onomethory PES » d 

30 include, but are not £2 J^L ZZ£ 
Po ymers of the following types: 
colomlnic acids or other carbohydrate ta^ed 
polymers, polymers of 

. . 1 or amino acids and biotin 

derivatives, result ina - ^ . 1Ctln 
o c • suiting in a protein modified with 

35 this well known a ff<„ <4 . Q wlT:n 

Known affinity reagent often used for 
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antibody based assays. 

Briefly, the method comprises reacting the CAV 
with a sulfhydryl reactive compound under suitable 
conditions, preferably non-denaturing conditions 
and in sufficient amounts permitting the covalent 
attachment of the sulfhydryl reactive compound to 
the introduced cysteine residue (s) present in the 
polypeptide backbone of the CAV. The reaction may 
be reducible or non-reducible; and generally, the 
amount of sulfhydryl reactive compound used should 
be at least equimolar to the number of cysteines to 
be derivatized, although use of excess sulfhydryl 
reactive compound is preferred, both to improve the 
rate of reaction and to insure consistent 
modification at all reactive sites. The modified 
CAV produced, may then be recovered, purified and 
formulated by conventional methods. see e.g wo 
87/00056 and references cited therein. 

20 th ^ aSPe ° tS ° f PreSent inve «tion include 

ToZ^l meth ° dB ° f and therapeutic 

compositions which employ the modified CAVs of the 

IZTt inVenti ° n ' either 1~ or with other 
. lymphokines, hematopoietins and/or growth factors 

2 „ - •* ~~ ' -««Jr« macrophage colony-stimulating 

factor (GM-CSF).,. macrophage colony-stimulating 
factor (M _ CSF) , IW/ IL . 2/ JL _ 4f ^ J 

I W0. These methods and compositions take 
IrT^T ° f ±mprOVed Pharmacokinetic 

treatments, e.g., such as employing lower dosages 
of polypeptide, less frequent administration, lower 
, immunogenics and more desirable distribution 
required for the therapeutic indications for the 
natural polypeptide. 

Other aspects and advantages of the present 
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invention will be apparent upon consideration of 
the following detailed description of the 
invention, including illustrative examples of the 
practice thereof. 

BRIEF DESrw iPTTftK , W PP ATiTTTTf"T 

Fig. i is the human IL-3 gene construct for E. 
£211 expression, having the polypeptide sequent 
shown of natural (wild type) human il-3, plus an 
initiator methionine, as expressed in E.coli, with 
the ammo acids numbered from the N-terminus for 
reference to the muteins discussed herein. 

Fig. 2 i s the human G _ cgp ^ construct ^ 

S^caU expression, having the polypeptide sequence 
hew of natural (wild type) human C-CSP, p £. an 
initiator methionine, as expressed in E^oli with 
the amxno acids numbered from the N-terminus for 
reference to the muteins discussed herein. 

Fig. 3 is a chemically synthesized human EPO 
gene construct for p ™i < . 

ror Ej. coli expression, having the 

^: ae ° £ naturai *»•> 

£2li with the a»i no aolds ? 

terminus for reference t n , . 

herein. ere "nce to the muteins discussed 
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DETAILED P/FBCRTPTTrtvr THE TmTVKntTnxt 

modi,^ ! reSent inVSntion inv ^es the selective 
-•dif ication of 1L - 3 , G - CSF and EPO for 
Pharmaceutical use, to both enhance their 

l^ir 116 ^ 0 Pr ° PertieS ^ Pr ° Vide homogeneous 
compositions for human therapeutic use. Although 

human IL-3,. DNA and peptide sequences are preferred 
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as the. starting point in this invention as it 
relates to il- 3 , any primate IL-3 is susceptible to 
use^xn the method of the invention, given the 
significant ho ffi ology between e.g., human and gibbon 
5 species of the protein and DNA. See Leary et al., 
*** (»«2) m: 1343-1348. The Bethod ^ 
selectively modifying IL - 3 , g-CSF and EP0 involves 
Electing locations in the polypeptide seguence for 

10 T< 'T ^ 0f ■ ^tive compounds. 

10 This step may be accomplished by altering the amino 
acid seguence of the polypeptide by inserting 
cysteine residues at selected sites or by 
converting selected endogenous residues into 

15 I T re8idUeS - ^ eXample ' «» -dons AAA or 
15 AAG, which code for ly sine , can be changed ^ J 

codon TGC or TGT, which code for cysteine 

in el , T 6 -, ^ aCC ° rdance with this invention also 
include allelic variations in the protein seguence, 
i.e. seguence variations due to natural variability 
a:!" l dl ,T Ual ^ indiVldUa1 ' ~ Wlth ^heT- n^ 

dLL^t: M l 7 ^ d6leti0nS WhiCh Stil1 -ain 
desirable biological properties of the parent. 

^Jlfl 8 . 0 ' ttlS lnVenti - -y »* P^red by 

- ~i^r: 0 r c ^r ces encoding the 

w--*. cells, e.g. procarvotie 

host cells such as e. coli ^ °caryotic 

-U* such as yeast 0 ; »^ u J h r~ us", 

.expressing the CAV-enooding DNA are thus 

rT SSSd ^ inVentlon - ™» -nances 

oTL " 9 *»" T" 1 -* "» produced synthe£c a ly 

or by conventional site-directed Mutagenesis of D»I 

seguences encoding the nmf^n , 

35 analogs thereof. ^ ° ° t O" 1 ""*"** °r 

°r. Figure l shows the human IL-3 
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gene construct inserted in plasmid P AL-hIL3-78l and 
expressed i n the 2L, coll K12 strain designated 
GI586. This strain containing the plasmid was 
deposited with the American Type culture 
collection, 12301 Parklawn Drive, Rockvilie, 
Maryland 20852 USA on April 19, 1989 and given 
accession number 67932. other DNA sequences for 
natural primate IL-3 have been cloned and the DNA 
sequences, including cDNA sequences, and specific 
peptxde sequences for the same have been published, 
in pct application number US87/oi 702/ published as 

ZoZTl on January 1988 ' and are 

known xn the art. These DNA sequences have been 
deposited with the American Type Culture Collection 
and given accession numbers ATCC 67154, 67326, 
67319 and its replacement 68042, and 40246. DNA 
sequences for natural G-CSF and EPO have been 
cloned and the sequences and their corresponding 

2 o ~ e a : t eguences pubiished and are th — — 

CSP S DNA , MOleCUles encod ^ natural human lL-3s, G- 
CSPs and kpos therefore may be obtained (i, by 

<"> from the deposited plasmids, or MH, J 
- ^thesis, s.s. using overlapp^ synthetic 

such methods are *„„„, in to(J Mt _ 

mt^ZT nMber 1,588/00402 pnbiishea - 

As mentioned above, dna 
individual CAVs of th7. sequences encoding 

svnth 6 H n invention may be produced 

synthetically or by conventional site-directed 
35 mutagenesis of a DNA sequence encoding the pa r I n t a i 
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polypeptides or analogs thereof. such methods of 
mutagenesis include the M13 system of Zoller and 
Smit *< HBSisic, field* PPP _ (1982) 10:6487 - 6500; 
Methods Enzymoj (i 98 3) 1^:468-500; and ]>NA (1984) 
1:479-488, which uses single stranded DNA and the 

1984) 636-639, which uses heteroduplexed DNA 
Exemplary oligonucleotides used in accordance with 
such methods are described below. it should be 
understood, of course, that DNA encoding each of 
the^CAVs of this invention may be analogously 
produced by one skilled in the art through 
site-directed mutagenesis using appropriately 
chosen oligonucleotides. PProprlately 

The new DNA sequences encoding the CAVs of 
this xnventxon can be introduced into appropriate 
-ctors for heterologous expression in the deseed 
host cells, whether procaryotic or eucaryotic. The 
sli r dUCed ^ ^ ^ ^^raL ecL 



*ay be measured by using standard assays 
~ r ^ ~> ~ Wherl t 



25 tree of ' """* syn » eti = ™*. and My be 

euc!rvo t1 l«der eeownce. Por 

i«ro»s be present or 

purified, and if desired fo™i,f.< . ,. 

:e h ^r eu " oai 

^r, ,' " W " arabl y "y -"hode which are 

- ssr.Sai". p T t fy r an r - 

P ocein. it ls contemplated that such 
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pharmaceutical compositions containing the CAV in 
admixture with a pharmaceutical ly acceptable 
carrier will possess similar utilities to those of 
the parental proteins, such as those set forth in 
WO 88/00598 supra . at page 3. 

In another, and preferred, aspect of this 
invention, the CAVs produced by recombinant means 
as mentioned above are reacted with the desired 
sulfhydryl reactive compound under conditions 
permitting attachment of the sulfhydryl reactive 
moiety to the sulfhydryl group, of the introduced 
cysteine residues in the peptide backbone of the 
CAV. These modified CAVs, preferably produced 
initially on a small scale, may then be screened 
for bxoactive muteins possessing the sulfhydryl 
reactive compounds attached to the site or sites 
desired. Alternatively, this screening may be 
accomplished before attachment with the sulfhydryl 
reactive compound. " J 

The term -sulfhydryl reactive compound" is 
defmed herein as any compound having, or capable 
of being activated to have, a reactive group 
capable of forming a covalent attachment to the 
sulfhydryl group (- SH ) of the cysteine residue, 
included among such compounds are polymers such as 
PEG and polypropylene glycol (P PG ) , . dextran, 
colominic acids or other carbohydrate based 
polymers and polymers of amino acids and biotin 
derivatives. Activation may occur by modification 
of the compound with a sulfhydryl moiety, such as a 
sulfhydryl group, thiol, triflate, tresylate, 
aziridme or oxirane, or preferably, with S-pyridyl 
or maleimide. The sulfhydryl reactive compound 
need not have any particular molecular weight, but 
a molecular weight of between about 1,000 and 
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30,000 for the activated compound is preferred 

de^S? , f0r PEG ' Meth0dS ° f "tachment w«l be 
described in detail below. B y controlling the 
number and lecatioh of the cysteines in the CAV 
sequence, the number and location(s) of the 
attached eulfhydryl motive compound can Z 

location' 1 V° nt r Uea - SUCh COTtro1 ° f "tt.ch.ent 
location and number enables the production of only 

10 ZT^ '^T^ m ° ai£i,d "*•<«- «tain4 
orodu-- blol ^=" -tivity, rather than 

nodif fr ? S h "«°'— »t«ure of variably ' 
-edified molecules, only some of which may be 
active. It is also important to note that thle 

15 ftt.T 1 Ml ^^ «* the PEG yi a tio„ or otter 
15 attachment allows r 

interactions of the protein T\ 

»loc*ed, or regenerated "y elsase'"' 

sulfhydryl reactive compound. " *"* 

described herein, e.g. PEeyiated CAVs. specific 
embodiments of il- 3 civs „f * k • s P eo "ic 

. fcusan X L - 3 which hasT cyl^e" rr'"" in ° 1Ude 

lysine a .° ys t*in* residue replacing 

„ — 10 and the m3 initiation 

« "chance. (Amino acid numbers for the CAV o tte 
Present invention ,r. used here" i T 
conventional manner, seouentially from the T 
terminus, and correlata with 

in *ig. a for LI . nUBberin * Wto 
30 tressed in ^.,^1 T T " 
occurring lysine residue in ^L?<£*T% 
ammo acid Dos^ion i) at 

cysteine to beats' a huT * 0 ""« t * 4 *° « 
i™;^,. h,man IL - 3 «v of the 

- Pos t nto >TT\ *» ««— « 

P sxtions o and 10 and the m3 initiation seguence. 
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Specific embodiments of G-CSF and EPO CAVs of 
the invention include human G-CSF which has an 
alanine residue replacing the naturally occurring 
cysteine residue at position 17 and a cysteine 
residue replacing the naturally occurring alanine 
at position 37, and human EPO which has a cysteine 
residue replacing serine at position 9. The 
modification of Alal7 of G-CSF is made to prevent 
possible improper disulfide bridge formation. 

For bacterial expression where the secretory 
leader-encoding DNA sequence is removed from the 
CAV-encoding DNA, it may be desirable to 
additionally modify the sequence such that it 

encodes an N-terminus comprising Met-Pro (the mp 

autein) instead of other N-termini such as Met-Ala- 
Pro (in IL-3 and EPO) or Met-Thr-Pro (in G-CSF) 
Such N-terminal modification permits more 
consistent removal of the N-terminal methionine. 
Alternatively, the first two residues of natural 
human IL-3 may be deleted, leaving the naturally 
occurring methionine at position 3 as the 
translation initiator (the m3 mutein) . 

CAVs of this invention, modified as described 

encompass CAVs conta S n •! rwr — _. . . 

3 - ""-^ aiuuincations as 

well, including truncation of the peptide sequence 
deletion or replacement of additional amino acids 
with amino acids other than cysteine, insertion of 
new N-linked glycosylate sites, abolishment of 
natural N-linked glycosylate sites, etc., so long 
as the bioactivity of the molecule is retained. 
Thus, this invention encompasses CAVs encoded for 
by DNA molecules which are capable of hybridizing 
under stringent conditions to the DNA molecule 
encoding the parental IL-3, G-CSF or EPO (or would 
be so capable but for the use of synonymous codons, 
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»y a washing in o.ixssc at es^e . ^ 

s^^-^zr ^^^^ 

as 30* rormamide, 4XSSC at 42°c 

iriea described above in a*™**,* 
a Pharmaceuti ca n„ admixture with 

iuaceutlcally acceptable carri^ 
composition can be u se * * carrier. such 

20 manner as th at des f / generally the same 
recombinant X^S^t? * "~ « 
«- composition^ "wiiT be *~*ed that 

variety 0 £ conditio,,, treating a 

hamatODoi. ™* e ' g ' inVOlVin * <*imulati»a 

3 o f ^ present invM «;;^- ; ; ^ 

aa^c^to cancar chemotherapy, radUtio/l ™ 
or in the treatment of raa «tion therapy, 

ir 1 *: aisoraets ' as 

» ^« 9 a .and or' Z£Z ?T "~ "** 

determined by the a«J£. """'"'"""on vlll be 

the particuiL ^ ^v^ 10 ^ ^i" 9 « 

» d ^co^atrtrem.™; trtTT 
compound, as well a«* ™ , . Particular 

« the actions or *** 

nrnga. for example, body weight. 
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sex, diet, time of administration, drug combi- 
nation, reaction sensitivities and severity of the 
particular case. Generally, the daily regimen 
should be in the range of the dosage for the 
natural or recombinant unmodified protein, e.g. a 
range of about o.l to about 100 „g of polypeptide 
per kilogram of body weight, preferably from about 

0. 1 to about 30 M g of polypeptide per kilogram of 
body weight. 

The therapeutic method and compositions of the 
present invention may also include co- 
administration with other drugs or human factors. 
A non-exclusive list of other appropriate 
hematopoietins, csFs (colony stimulating factors) 
and interleukins for simultaneous or serial co- 
administration with the CAVs of the present 
invention includes gm-csf, csf-1 (in its various 
known forms; CSF-l is a i so re f er red to as M-CSF or 
macrophage colony-stimulating factor) , Meg-CSF, il- 

1, IL-2, il-4, IL - 6 , 1L . 10/ B _ cell growth fa 

dil , di " erentiation ^ctor and eosinophil 
differentiation factor. Additionally, the CAVs of 
the present invention may be administered with, or 

25 Int" c :: lly t0 ' — or Polyclonal 

an tlb od le s i„ a therapeutic use. Alternatively, 
these growth factors may be attached to certain 

TalT e ' 9 " riCin ' ^ in 3 therapeutic' 

regxmen. The dosage recited above would be 

30 a * DUSted t0 co »P-^ate for such additional 
30 components in the therapeutic composition or 
regxmen. i„ the case of pharmaceutical 
compositions containing modified lymphokine CAVs, 
for example, progress of the treated patient can be 
monitored by periodic assessment of the 
35 hematological profile, e.g. white cell count 
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The following examples illustratively describe 
the CAVs and the methods and compositions of the 
present invention. 

ZAE MATERIALS. ^TPODS awn py > MPT|r ,. 
SyAMglfi i » pucarvotic ESBBSesejon Matgrlali 
and Mehh^c 



Eukaryotic cell expression vectors Into which 
DNA sequences encoding CAVs of this invention „ay 
10 be inserted (with or without synthetic linkers, as 
reouired or desired) „ay be synthesized by 
techniques well too™ to those skilled in this 
art The components of the vectors such as the 

15 orolot " PUCOnS ' Sel ° Cti0n • «*«-«. . 

nearer' *" J ™ 

natural sources or synthesized by known 

procedures. See Xaufaan et al. . J. M T° 
(»•») 1U..IM-II1, Kaufman, Proc 

ADA) aldn«f. 17 2 ' 1987 <PMT2 Ma 

MA) and us Patent Application serial No. 80,180, 

us. !, 21 '. . 198 ' (PXMT2 '- apiary vekor 

in toe t "r m ^™' are also disclosed 

» 3 whicf are h T UCati0nS ln «• 

* Eucatotic 7 tnCOrpor "^ by reference. 

indnaii, !• invention may also contain 

16 voters or comprise inducible 
expressaon systems as are known in the art. see us 

r e ? 98 ^ icat d ion seriai N °- 893 ' iis 

W088^097, PCT /^87/01871, published as 

WO88/00975 on February n, 1988 . 

cell l S inet US a hed T ^ 

cell lines, are suitable as hosts. Normal diploid 
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cells, cell strains derived from in vitro culture 
of primary tissue, as well as primary explants 
(including relatively undifferentiated cells such 
as hematopoietic stem cells) are also suitable. 
5 Candidate cells need not be genotypically deficient 
in the selection gene so long as the selection gene 
is dominantly acting. 

If eucarybtic host cells are used, they will 
preferably will established mammalian cell lines. 
10 For stable integration of the vector DNA into 
chromosomal DNA, and for subsequent amplification 

ILI * ±ntegrate * Vector DNA < >°th by conventional 
methods, CHO (Chinese Hamster Ovary) cells are 

15 AIT"! 17 Pref6rred in embodiments. 

part Y ' ^ VeCt ° r ^ ~* ±nclude ^ or 

part of the bovine papilloma virus genome (Lusky 
et al Cell (1984) M: 391 . 401) ^ ^ 

cell ixnes such as C127 mouse cells as a stable 
epxsomal element. other usable mammalian cell 
ceTlin " La ' C ° S " 1 ^ CS11S ' -lanoma 

\ nes r as Bowes ceiis ' m ° use l - 929 

BHK orZTT fr ° m SWiSS ' Balb " C ° r NIH 
° r H aK hamster cell lines and the like. 

Stable transformants then a™ — - 

thT^. °f a=tiVity SSSays - *• nee- of 

the DNA encoding the CAV polypeptides may be 

blotch ~— such as scuthern 

30 7 Transient expression of the CAV genes 

30 durrng the severe! days after introduction oTZ 

bv ^ ,! ^ 06115 U " eaSUrea Election 
by activity or immunologic assay of the proteins in 
the culture medium. 

" Following the expression of the DNA bv 

conventional means, the CAVs so produced may be 
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recovered, purified, and/or characterized with 
respect to physicochemical, biochemical and/or 
clinical parameters, all by known methods. 

Z&Z&S-ZS- lacterial and y.,^ .vpp,..^ 

5 bv . Ba °^ rial and ***** expression may be effected 
by inserting (with or without synthetic linkers, as 
requi red or desired, the DNA molecule encoding the 
desired CAV into a suitable vector (or inserting 
the parental DNA sequence into the vector and 
10 mutagenizing the sequence as desired therein, tnl 
transforming the host cells with the vector To 

zrzrz ~rr;r rs - — - 
published PCT A^r N0 as 

15 published January 30 tcp* m 0063 9, 

id^n-M** ^ nuary 30 ' 1986. Transformants are 
identified by conventional methods and may be 
subclone* if desired . be 

iT~: C t a r recombinant ~ s ° ~- 

20 puLied all a r/ nd . the Pr ° dUCt reCWered — 
purxried, all as described in Example 1 

encoding « sequences 

encoding the CAVs are preferably modified bv 
conventional ~ ^ J iIiea b V 

PolypeotidT ^;^ U 68 t0 6nCOde onl * ^ture 
polypeptide and may optionally be modified to 
25 include preferred bacterial codons. 

Express ion in v. 

30 ^tive of stral „ ^ 

alleTh 1— • carrying L <j£ 

allele neve been inserted into the filal sit. of the 

or tne DNA sequences between 
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nucleotides 35711 and 38104 of the phage genome. 
See F. Sanger, et al., J. Mol. Rim. ( i 982) 
162:729. E_s_ coli K12 strain GI586 ( P AL-hIL3-781) 
was deposited at the ATCC on April 19, 1989 and 
given accession number 67932. 

When GI586 transformed with pAL-hIL3-781 is 
grown at 30 degrees centigrade to high cell density 
and then heated to 40 degrees centigrade, IL-3 is 
produced rapidly and accumulates over the next two 
or three hours to reach greater than 10 percent of 
the total cellular protein. This protein is 
produced in an insoluble form which must be 
solubilized and refolded by conventional methods. 
See, e.g., T.E. Creighton, Proa. Binphvs. HnUn. 
15 Biol^ (1978) 33:231-297. Following expression, the 
CAVs so produced were recovered, purified and 
characterized as follows. 

The g-csf CAV of Example 5 and the EPO CAV of 
Example 6 were expressed similarly in E. coli by 
20 removing the DNA sequence encoding CAV IL-3 from 
P AL-hIL3-781 and inserting the appropriate G-CSF or 
EPO DNA sequence as set forth in those Examples. 
Transformations were carried out under the same 
conditions set forth above. 

25 1 ' Purificati on of cav tt-. 

All buffers were prepared using glass 
distilled water; all were degassed for at least 
fxve minutes, using house vacuum/sonification, 
prior to the addition of DTT. 

First, 400 grams wet weight frozen E. coli 
cell paste was suspended in 2500 ml of buffer 
containing 50 mM Tris-HCl, p H 8.5, 1 mM EDTA, 5 mM 
P-aminobenzamidine, i mM pmsf and 2 mM DTT 
(hereinafter in this Example "buffer A"), to obtain 
a final volume of 2850 ml. Glass rods and magnetic 
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stirrers were used to resuspend the cell paste. 
Then the cell suspension was lysed by passing it 
through a matin gaulin valve at 9000 psi four 
times, with cooling between each time. Temperature 
5 was maintained below 30 degrees centigrade by 
collection of the lysate into glass vessels cooled 
in ice/water mixture. Pro tein concentration was 
22 mg/ml; final volume was 2850 ml. 

The lysate was centrifuged for 30 minutes at 
10 8000 rpm in a Sorval centrifuge with a GS-3 rotor 
The supernatant (2600 ml at 17.0 mg/ml) was 
discarded and the resultant pellet (hereinafter in 
this Example. Pi) from this centrifugation wag 
resuspendsd in approximately 400 ml buffer A, using 
15 glass rods and a magnetic stirrer. The milky 
suspension was then passed through an 18 gauge 
needle using a 60 ml syringe. The final volume was 
640 ml, with a protein concentration of 25.6 mg/ml 
0 fo , ,T r6SUSpended P1 P el ^t was then centrifuged 
for 10 mxnutes i„ a Sorval centrifuge with a GS-3 
rotor at 8000 rpm. The supernatant fro, this 

ZTT^r ^ ^ int ° tV ° fresh -ntrifuge 
result Ch ; re±nafter in this «W » S2 ..> and the 
resultant pellet ("p™) was resuspended in buffer 

to a final volume of 165 ml, with a protein 
concentration of 50 mg/ml. The S2 supernatant was 
then , centrifuged for lo minutes and the resulting 
Pellet (..p 3 ..) was resuspended ln 65 bnf ^ 

The resulting supernatant ("S3") was further 
> -trifuged for io minutes and the resulting p 4 
Pellet was resuspended in buffer A to a final 
volume of 50 ml, with a protein concentration of 
11.3 mg/ml. Because the P4 pellet contained so 

ThTe! ' ^ ^ US6d in ^sequent steps. 

The S4 supernatant from the final centrifugation, 
approximately 600 ml, contained the membranous 
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components at a concentration of approximately 10 
mg/ml . 1 

The p 2 and P3 pellets were pooled and 
centrifuged at 9000 rpm (gsa rotor) for lo minutes 
yielding two pellets ("P2-2") and a cloudy 
supernatant, which using HPLC analysis was found 
void of il-3 and was discarded. The P2-2 pellet 
vas frozen at -20 degrees centigrade for later use 

io * ~ ^ fr ° Zen P2 " 2 P6llet WaS then res ^P^ded in 
10 buffer A (which contained 10 mM DTT rather than 2 

*M DTT) to a final volume of ioo ml using glass 

rods and magnetic stirrer and then passed through 

an 18 gauge needle. 400 ml of 7 M freS h guanidine 

in the io mM DTT buffer A was added to the 

15 resuspended P2-2 and after one quick inversion, the 

solubxlxzed P2-2 pellet was immediately pi aced in 3 

* 250 centrifuge tubes and centrifuged for 15 

minutes at 8000 rpm (GSA rotor) . 500 ml of th! 

purifxed further at room temperature by r P -hplc 

mL e ut f e°s r : 90ing StePS WSre P ~**~ * « ^ 22 

the / UrifiCation ^ocol may be applied to 

the purification of the G=C3P and EP0 CAVs 
25 expressed in v ™n 

» ea m _ E. coli. as set forth above with 
similar results. 



2 ' BP-HPLC senaratinn ^ t T| _ ? rnv _ 

were Ti.^TT ^ *" thiS Protocol 
were 0.1% (v/v) TFA in water, and 0.1% tpa in 
30 acetonitrile. 

10* A T inCh Vyda ° 04 COlUmn WaS e ^ilibrated in 
o^Li, ' ^ SUpe -atant from the 7 m 

guanidine solubilization was immediately applied 

35 4° 7 n ° T ^ C ° 1Umn 3 VOlUMe ° f ^oxi'ately 

470 ml at 180 ml per minute. The column „I 
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developed at 20 ml per minute and was washed in 10% 
acetonitrile until absorbance at 280 nm was back to 
baseline. The following gradient was established 
by washing with the following concentrations of 
5 acetonitrile at the following times: 

time fin ^n^ p ) % acet Q n^^ 

10 10 
55 « 
10 60 55 

•J 

40 

35 



15 



20 



25 



30 



35 



ml fractions were collected after 3H 

r^Z gradient ' 10 " l were 

removed from each fraction, vacuum speed dried and 
taken up i„ 20 „i of 2x SDS . sainple ~ 
SDS-PAGE analysis was performed and IL -3 present 

:: S deT irmed ■ — *~ — n at- 

80 degrees centigrade. 

CAVs i! JBi r rly ' RP ~ H * LC S6Parati0n ° f «-« and EPO 
CAVs may be accomplished. 

3 * Refolding of tj.--* 

One of the RP-HPLC separated ^ a ^,.„ 
™»ing approximately 75 mg (7 . 5 ml, V« « 

of 142.5 ml of 6.4 M guanidine in 50 mM N aP0 4 p H 

^ 1 d ;; MAand0 ' 2 " 1 ' The mixture .a" 
then added to 7«?n —i ^ 

-co 750 ml of 50 mM NaPo, «w? i 

EDTA, 0.2 mM DTT buffer * - 4 P ' *** 

suffer, transferred to dialysis 

of the same buffer containing 0 . 1 mM DTT 

PEGylation of this purified IL-3 is set forth 
in Examples 7 and 8 below. 
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Refolding of G-CSF and EP0 CAVs may be 
accomplished in the same manner. 

4 - Confirmation of hin a ^^, it .. 
Bioactivity of IL-3 CAVs or EPO CAVs may be 
5 confarmed by using the TP-l cell proliferation 
assay. The TP-l cell line has been described 
(Kitamura et al., Blood (1989) 73:375-380). 

in that assay, cells are maintained at 37 

10 ^r eS 1 . Centi9rade ^ hUmld air raining 5% co 2 
and culture media used is HPMI (6lbco) , 10% h J 

rt 5 fStal Calf ^ -M L-glutamine, 

with 5 ng/ml of recombinant gm-csf' added. Every 
3-4 days cells are adjusted to a density of 2 x J 
cells/ml. Just prior tQ ass / I 2 * 1° 

15 centrifuged 500x0, 5 minutes, washed in culture 

TlZenTJT rGM - CSF ' — rifuged an 
resuspended at a density of i 0 5 cells/ml. 

IL-3 or EPO samples to be assayed are diluted 

- lizz l: n: r l5io ' oo ° in cuitu ~ ~* 

the t " ° f ^ dUUted Sample is Pl-ed in 

the top row of a 96 well microtiter plate. The 
remaining wells are filled with 100 ,1 of culture 
»edia without rGM-csF and the ™ .!!.. 

25 P \\t lly T diluted five - -w; v h ; ~tit a i: 

cell!; 6aCh Wel1 ' 100 ^ ° f diluted (io4 

cells) are added and the plate is incubated 

degrees centigrade, 5% c<> 2 for 48 -7 ? k 
Thereafter, 0.5 uci 3 H - thvm ^ 2 ? * h ° Urs - 

a** 4-k , H-thymidine is added per well 

30 Zu * T is £urther inCTbatea «« «- ho- 
ne™ r harvested u sing an autolnatea 

halter (LKB l 295 -ooi, a „ d th6 3 H . thy „ ld ^ 
uptake is guantitated. 

Mternatively for W , . ^ prolif oration 



35 



international P„ bli oation HuBb er wo 88/ oo 59 e,' 
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published January 28, i 988 , can be used 

usina^rT ^ ° f G " CSF CAVS be —finned 

using the 32D murine cell ii ne ae „ 

Hanel di- »i ' S desc ribed in 

culture =rHE H1 .3 "° Media £r °° ' 48 hour 

CSF in «. , g/ml rec °abinant GM- 

10 w!sh and a Cel1 Pr ° liferati - Protocol. The 

wash and assay steps are then carried out in the 
absence of mni-z conditioned aedia. 

Site airectea nutagenesis nay be 

u;r proceaures » «u*£ 

». ««) ana oss.las ..uea'luir r JST^ 
the references citea therein. ' a " d 

' nuteina J:"^' h ""» »-» ana BPO 

Tr inarate7™ e^ orTin^ 
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4SO 



IHP mute in 

mpcysio 

mpcys6 

mpcys8 

mpCysl2 

ropcysioo 

mpCysl34 

mpCys3 
mpAlCysl9 
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IL-3 



Bl3 mufcp.-ir) 

m3cysl0 

m3Cys6 

m3Cys8 

m3Cysl2 

»3Cysl00 

»3Cysl34 



cvs moaifisafcien 
AAA to TGC (Lys to Cys) 
ACT to TGC (Thr to Cys) 
TCT to TGC (Ser to Cys) 
TCT to TGC (Ser to Cys) 
AAG to TGT (Lys to Cys) 

pSS A, TAG (Cys be tween 
Phe 133 and stop codon) 

ATG to TGC (Met to Cys) 

Replacement of amino acids 
1-15 with the "upi. 
terminus and modif. of 

(Set to 9 Cy f s r ,° m ATG to TGC 

ACT and AAA to 
TGC (Thr and Lys 
to cys) 

TTA and AAA to TGC (Leu 
and Lys to Cys) 

ACT and TCT to TGC (Thr 
and Ser to cys) 1 

»3Cys6 /8 ,10 ACT, TCT and AAA to TGC 
(Thr, ser and Lys- to Cys) 

»3Cys8,9,lo TCT, TTA and AAA to TGC 
(Ser, Leu and Lys to Cys) 



»3Cys6,io 

m3Cys9,io 
m3Cys6,8 



30 mo mutP^r. 

mpAlal7Cys37 



cvs mprH ficaMrm 

GCC to TGC (Ala to Cys) 




cvs mod-i^r. a +.j rr| 
TCT to TGT (Ser to Cys) 
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In the examples depicted above the 
modification site of the natural IL-3, G-CSF or EPO 
protein is designated by the number after "Cys" and 
the amino acid sequence of the CAV is identical to 
that of the native protein, except for the position 
indicated, with respect to the N-terminus (see Fig. 
1) . The "mp" and »m3« designations signify the two 
different, alterations of the N-terminus that will 
be discussed in detail below. Additionally, cys 
may be introduced in place of native il- 3 codons, 
for example at positions 63 or 66, alone or in 
combination with other cys introduction (s) , e.g. at 
position lo-with any of the described N-termini. 
Contemplated EPO muteins include epo m P Cysl66, 
havxng the mp N-terminus and the native arginine at 
positxon i 66 deleted and replaced with cyste . n 

and mpCys 2 4Cy S 38Cy S 83, having the mp N-terminus and 
the three N-linked glycosylate sites at the 
asparagine amino acids replaced with cysteines 

modiJI 1 ^/ 6815 ^ t0 IL " 3 nUteinS ' C6rtain P°int 
modifications may result in partial loss of 

biological activity or inability of the sulfhydryl 

modi f r.r apound to attach - f - — p£ 

modification at position 2S results in a 
biologxcally active CAV, but attachment of a 
sulfhydryl reactive compound fails, poss i b i y 
because position 28 appears internally ^ the 

Winafie'ld T t6rtlary StrUCtUrS - 

121.565-571, in which the authors discussed the 
cys modification of 1M , at position U| tQ 
IL-l^-phycoerythrin conjugate. Additionally, we 
have found that substitution of a cysteine residue 
for the ammo acids at positions is or 51 of the 
natural human IL-3 may result in partial loss of 
bioactivity. To test for act 
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attachment of the sulfhydryl reactive compound, 
this invention further provides a "small scale" 
screening technique to readily determine whether 
modification and attachment has been successful 
5 (see Example 9 below) . 

The human IL-3 was additionally modified at 
its N-terminus in two different and alternative 
configurations, represented by the "mp" and "m3" 
designations. The "mp" designation indicates a 
10 deletion of the first alanine in the natural human 
IL-3 protein, thereby changing the N-terminal 
sequence from MET*ALA*PRO to MET* PRO. The "m3" 
designation indicates a deletion of the first two 
amino acids in the natural human IL-3 protein 
15 MET* ALA* PRO , to yield a terminus beginning 
MET*THR*GLU*THR* . The reasons for these 
modifications have already been discussed. With 
respect to N-terminus modification of the IL-3 
m P AlCysl9 mutein, amino acids 1-15 were deleted and 
20 replaced with the "mp" terminus. The human G-CSF 
and EPO muteins were additionally modified at the 
N-terminus by deletion of the first amino acid to 
obtain "mp" muteins. 

It should be understood of course that th e 
25 depicted list of muteins is merely exemplary and 
not exclusive. The design and synthesis of 
alternative and additional muteins in accord with 
this invention is well within the present skill in 
the art. Synthesis of such muteins may be 
conveniently effected using conventional techniques 
and methods. 

One skilled in the art, of course, could 
readily design and synthesize other muteins for 
substitution of cysteine codons or insertion 
thereof in DNA sequences encoding il-3, g-CSF and 
EPO. to modify more than one site, mutagenesis may 
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be carried- out iteratively, or in some cases usina 



Synthesis o f m 1 .nlrr„ 1 M,_ mEaUag _ gg , 

encod^ an alt *™ ,tlV * to Production of 
encoding dha by mutagenesis o£ the parents! 

ST^i* ahOUW ^ that'tne d«iret 

~: ™rr; prepare * — - 

.synthesize the cav D HA *° 
— the'cys tete "* 



15 



20 
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modified at position a assembled, 

technics ^T'thoss ^uT in'T^ 
Wosnick, et al. Geno *n -i ^ _ »rr. see 

Patent Ho, ""I"' U9S7,! see 
designed with ',?° 4,5 ° 4 - Tha synthetic cdna is 

essences ^ZiJullTT ™" 
-triction en's J£ C^-"^" * *- 
synthetically derived, cdna i7 . P uri "«*. 
Purified Kdel-Xba! v.cto r oort, ***** " ith the 

resulting In Z 1 ™ °' PlaS "* ld 
3 -HA with human L^^STST IT" ^ 

- W» -PCya 2 4Cys 38 cys 8 3 can be ™de ^f^" 6 
manner. aae ln the same 

Siven a desired coding sequence «.„ * 
— esis, assembly and ligatioTir dtiret^ 
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synthetic ii„ kers of other appropr . ate 
oligonucleotides is well within the present level 
of skill in the art. 

PEGYlation of ^ TT .„ ffiDgVBln 
The mutein human IL-3 apcysio was prepared in 
accordance with Example 5 above and PEGylated vith 

7olo*7J:°: d6riVatiVeS ' -^"yl Monoaethoxy pbc 
5000 (PEG 5000 SP DP) and Maleiffiido Monoaetho £ p£G 

5000 (PEG 5000 SMCC) . ^ 
10 lm ^V^tion with S^Pv^jgy j mrt1 

PEG 5000; a m„ 1in1 -, r[| 

a.) Preparation of the sulfhydryl reactive 
compound. 

PEG 5000 was activated for ^ 
« sulfhydryl group as ^ f " »**•*—* ^ a 

PEe 5000 ^.r^iirr, 

*ry peroxide free, dioxane. l44 Bg (15% " * 

=o was ailoldT " ' P °" der ana the "««°» 
was allowed to proceed at room temperature. Aft er 

=4 hours, the S - PYridyl Honoaetho pEG J 
product was DreeJni*...— 0 
diethyl " u "" 3 ary ' P e »xlde free 

wee Tied / ^ Ite 

as whit. „L t0 ° btain «* 

vhrt. solid, which was identified as s-Pyridvl 
Monomethoxy PEG 5000 by ran, ana 1R . Ihe nJZ^l 

•naio, (M9 10/000 SPDP) uas Ukewis r; r r^ a o '°° a ° 

an analogous procedure. Prepared via 

ForM • PEGylatl ° n 0t "0 human IL-3 . 

IL-3 wis alo ri 9, n " Ural <Wild *«-> *»•» 
as a 1 1 ed Wlth ra ^«lcn reagents 

as a negate control, a stoOc solution at l I 9/ml 
of the mpcyslo mutein i„ a P H 7 buffered solution 
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of 50 mM NaH 2 Pb 4 , loo micro M DTT, l mM edta and 
about 3mM Guanidine RC1 was used. DTT was added to 
prevent diaerizatibn of the protein; EDTA was added 
to prevent dimerization via metal mediated • 
5 oxidative; coupling. Guanidine remains as an 
artifact of the refolding of the protein. A pH 7 
was used; a range of 6.5-7.5 is preferred. 0.9 mg 
of S-Pyridyl Monomethoxy PEG 5000, prepared as set 
forth above, was weighed into an Eppendorf tube. 
10 360 microliters of the buffered mutein was added 
and the mixture was vortexed briefly to 
homogeneity. The reaction was performed at 4 
degrees centigrade and when sampled after 2 hours, 
was found to be complete. Analysis on a 10-20% 
gradient SDS acrylamide gel stained with Coomassie 
blue showed the product as nearly pure and running 
at about 28 kD. (By comparison, mpcysio and its 
dimer were used as standards and found to migrate 
to 115 and 30 kD respectively.) a reducing lane on 
the gel showed that the PEGylated IL-3 mutein is 
sensitive to reduction by DTT and regenerated the ^ 
original protein at about 15 kD. 



15 



20 



2 * ggSylaUon wjth MalPimido MonmnM-v^wy ^ 
^ G 50 °0: — a non-redu cible Hnv ar oi^ 

25 a .O Preparation of the sulfhydryl ^ 

reactive compound. 

In this experiment, peg 5000 activation was 
accomplished as follows. 2.0 mg of monomethoxy peg 
5000 amine was dissolved in 12 ml of dry, peroxide 
30 free dioxane. 154 mg of sulfosuccinimidyl 4-(N- 
maleimidomethyl) cyclohexane-i-carboxylate (SMCC) 
(15% excess) was added as a dry powder and the 
reaction was allowed to proceed at room 
temperature. After 24 hours, work up of the 
product was carried out in the same manner as the 
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S-Pyridyl Monomethoxy PEG 5000 to obtain 1.82 grams 
Maleimido Monomethoxy PEG 5000. The PEG 10,000 
analog was prepared similarly. 

b.) PEGylation of the cysio IL-3 mutein. 
This reaction was carried out in the same 
manner as the PEGylation reaction using the 
reducible PEG 5000 reagent and with natural human 
IL-3 as a negative control. However, l.o mg of the 
PEG derived PEGylating agent Maleimido Monomethoxy 
PEG 5000 was used. 400 microliters of the mpCyslO 
IL-3 mutein was added and vortexed to homogeneity. 
At t-2 hours the reaction was found to be complete. 
The product was nearly pure and indistin- 
guishable from the s Pyridyl derived conjugate in 
molecular weight. However, this product is 
perfectly inert to reductive conditions, such as 
DTT; in this reducing lane the product, at 28 kD, 
persists. 

In both control reactions, nothing indicative 
of conjugation is evident at 2 hrs or even at 24 
hrs. Selectivity for accessible sulfhydryls in 
this chemistry is therefore very high. 

MMI^jy. PEGylation of Mitin. gys^g 
m3Cvs9.] Q and -m3Cvs6.in 
In this experiment, protein stock for both 
muteins was at 300 M g/ m i in the phosphate buffer 
solution, as described in Example 7. PEGylation 
stock solutions consisted of the S-pyridyl or 
Maleimide activated PEG 5000 polymers at 50 „g/ml 
m the same buffer. To initiate the reaction, 11 
Ml of the appropriate peg stock was added to 100 pi 
of the appropriate protein stock (either the 
m3Cys9,io mutein or the m3Cys6,io mutein) while 
vortexing. Reactions were allowed to proceed at 4 
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degrees centigrade overnight. SDS gel analysis of 
the products as described above revealed that only 
a trace of starting material remained with both 
chemistries. Furthermore, both chemistries 
5 resulted in new products with a gel mobility of 
about 37 kD. Reducing lanes on this same gel show 
that, the maleimide conjugate is resistant to 
reducing, while the S-Pyridyl derived conjugate 
reverts to starting material. 

. "V. 

10 M PEGvgatlon of t he a -r« v mp^lalTCysa? 

lutein 

The mutein human G-CSF m P Alal7Cys37 was 
prepared in accordance with Example 5 above and 
PEGyiated with PEG 5000 SPDP, PEG 5000 SMCC and PEG 
15 10,000 SPDP. The natural cysteine at position 17 
y WaS deleted ^ replaced with alanine to prevent 

possible improper disulfide bridge formation. The 
*pAlai7Cys37 G-CSF protein stock was dialyzed into 

20 LT, 7 '° bUfferi * g Solutlon ot somM NaH 2 P0 4 and ImM 
20 E OTA, .100* DTT and concentrated to approximately 
100 M g/ml. Total volume was 670 ^1. 

«™» St ° CkS ° f ™yl»ti«n reagents (peg 5000 

SPDP peg booo SMCC, and PEG 10 ,000 SPDP) were made 
up fresh at lomM in H 2 o (is x stock solutions 

TbT Pare l aS d6SCribed ^ EXaKple 7 ' ***** 1* and 
lb). The. reactions were carried out using the 
reagents and amounts set forth below. 

_ „ Stock 

q S»i PEG.Beagent ,0_Protein ..^peg 

30 1 5000 SPDP 170 ^ 

2 5000 SMCC , 

170 io 

3 10,000 SPDP 17Q iQ 

All reactions were ImM in peg reagent. As in 
Example 7, the mutein was added to the PEG reagent 
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and vortexed to homogeneity. The reactions were 
allowed to proceed at 4°c overnight and found to be 
complete. 

Analysis on a 10-20% gradient SDS acrylamide 
5 gel with both reducing and non-reducing lanes and 
stained with Coomassie blue showed the m P Alal7Cys37 
PEG 5000 SPDP and mpAlal7Cys37 PEG 5000 SMCC 
products as nearly pure and running at about 28 
kD. 

10 Non-PEcyiated g-csf mutein runs at 

approximately l 9 JcD. A reducing lane on the gel 
showed that the SPDP conjugate is sensitive to 
reduction in the presence of DTT. The SMCC derived 
reagent was totally resistant to reductive 

- treatment. The PEG 10,0 00 SPDP PEGylated 
*pAlal7Cys37 G-CSP runs at approximately 32 xD. 
The non-PEGylated g-csf mutein is regenerated by 
DTT treatment. y 

mmmLlQl. gEGvlation of tho T.vn 

The mutein human EPO mp C ys9 prepared in 
accordance with Example 5 above can be PEGylated 

ExamL^ St ,° Ck PEGylati ° n rea ^ P-Pared in 
pie 9 anc * the natural h 

-trol. To initiate the "r^Z " ^ ot Zl 
appropriate peg stock as prepared in Example 9 is 
added to 170 ,1 of the EPO mp C ys9 stock at a 
concentration of loo.g/ml. The mixture is vortexed 
and the reaction is allowed to proceed at 4 o c 
overnight. Upon completion, the reaction can be 
analyzed as in Example 9. 

EXAMPLE 1 1 r Screen^ of novsj CAVg 

Having the constructed novel DNA molecules 
encoding CAVs in the appropriate expression vector 
and having attached the sulfhydryl reactive 
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compound to the steins, it aay be desirable t 
produce each CAV protein ™ desirable to 

"screen" for Zl , 3 ema11 Bcale and 
attaclnt /ite 0 r si ^ P ° SSeSS desi ~ d 
- o f each c^LL ^ a^"^^^ 
***** reactive -o^ '^TT 
assessed using an is vitso assay. 



10 



Ball scale ha^s.^-, 
of IT,-? f yy m ,f a<r . 
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- ™=t= r , "slz: £ ---- 

Nu^er 67932 , wi th novel C ;/ T ^ 3 Aooes ; lo » 

seances. The transformed c . u . 

agar plates containing «„ spread on LB 

density to v!!i7 * " g/ml "WloUUa at a 
plat./ 3 J 1 :",^"^^ "° — i~ Per 
was inoculated UT^ST,^ 

glucose, 1MM , 1XM9 »■« 

inoculated with i ll , 1 ""^"in) was 

50 „1 J!* ? Bl ° f "» — «U« culture. 

oenti^ade-untTr T^.""^ l" ^ 

%Ts-^r« te ~° 2 -"e7to w :: 

lit 2 hours!' ^ °° ntin ^ *>r at 

a 3B rotor. Th e s ° ° \ Sorval oentrifug. with 

call pellet relape^T, T "^"^ aM «- 
« KaH,PO a , pH , 0 * 1 W of bu «ar PED (50 

■-»). This 'V; EDTA ' 5,nM DTT - 10 « 

a French Press at 10 Too "7° ^ 

—---CoCrin^ 1 :: 
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12,000 mm. The supernatant was discarded and the 
pelleted naterlal was resuspended in 150 pi of 7 M 

ZZZ^'l 1 ln PED bu££er - The s ^ tim « «-» 

- dxalysis tubmg (10,000 MWCO spectrapore) . The 
sample was dialyzed for at least 4 hours against 2 
liters of PED.l buffer ,30 m Na„ 2 Po 4 p H 7.0, 1 m 
EDTA o.l « DTT) . The eanple was collected and 
io 721 ' t0 ~ Proteins. The 

9 Tand W t a h Maly " d °" 3 " % I ~" » S0S — 

gel and the amount of IL- 3 protein estimated. 

The protein solution was then concentrated to 

foidVi 5 m3/n1 ' aM 200 " 3 " as * 
15 5 T„ 0 ar "IT ° f elther S " Pyridyl «»o.etho Xy 

"era ° hoTre" ; imi 4 d0 d MOn ° BathOXy * 5 °°° ^ 

products were 1 T*" C " t * r —- ■» 
*- b were then analyzed by SDS page *r>* 

ei 0 i°ptii f ac \ ivity aate ™ lned * » ^ - 

ceil proliferation assay. 

the novel » c'-csps \T £ 'l/ZT^LZ 
invention. present 

Alternativelv. fv,,-, 

25 screeni™ ma w " ° ale P rod «<=tion for 

s r^xSx 8 sa°c:- iaa out be£ora att ~ °' 

Moiogicaraiv lt a ;r; s c tTu u b n :- d et in " at case ' 

in vitro TF-l cell oroi.r J- de ^™ined by an 
case of G - CSF a 32D " ( ° r l » «- 

»0 the products M v b "J '™ llf "» ti « — « — 

one sSiirru 1 ^ :~: - be — * 

conventional ^ 
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produced e.g. using standard gDS-PAGE or HPLC 
analysis. "~ 

Numerous Modifications ma y be aade by one 

5 T I** ^ ^ t0 ^ ° eth ° ds and expositions 
of the present invention in view of the disclosure 
herein. Such moa if ications are believed to be 
encompassed by this invention as defined by the 
appended glaims. Y 
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We claim: 

1. A cysteine added variant (»CAV») of 
interleukin-3, said CAV comprising a peptide 
sequence of human IL-3 modified to contain at least 
one non-native cysteine residue at which residue 
said CAV is covalently attached to at least 
polyalkylene glycol moiety. 



one 



2. A CAV of claim 1 wherein said at least one 
non-native cysteine residue is contained within 
positions 1-14 inclusive of the mature peptide 
sequence of the IL-3 CAV. 

3. A CAV of claim l wherein said at least one 
non-native cysteine residue is contained within 
positions 6-12 inclusive of the mature peptide 
sequence of the IL-3 CAV. 

4. A CAV of claim 1 wherein said at least one 
non-native cysteine is at position 10 of the mature 
peptide sequence of the IL-3 CAV. 

5. A CAV of claim 1. hav-l™ . - 

• — » — »• "»hvb cysteines 

at positions 9 and 10 of the mature peptide 
sequence of the IL-3 CAV. 

6. A CAV of G-CSF, said CAV comprising a peptide 
sequence of human G-CSF modified to contain at 
least one non-native cysteine residue at which 
residue said CAV is covalently attached to said at 
least one polyalkylene glycol moiety. 
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7. 



A CAV of EPO, said CAV comprising a peptide 
sequence of human EPO modified to contain at least 
one non-native cysteine residue at which residue 
said.- CAV is covalently attached to said at least 
one polyethylene glycol moiety. 

8 A CAV of claims l- 8 wherein the N-terminus of 
the CAV commences with methionine and the native 
amino acid at position 1 of the mature peptide 
sequence is deleted. 

f\° £ ClaiaS Wh6rein thS terminus is 
modified by deletion of alanine and proline at 

srsr«: " 2 of the mature peptide ~ - 

10. A CAV of claims l- 9 wherein said at least one 
PolyalKylene glycol moiety is polyethylene glycol 

11. A DNA sequence encoding a CAV of claims 1-9. 

12. A host cell containing and capable of 
expressing a DNA sequence of claim 11. 

13. -A method of producing a CAV of claim io 

^T^err^ attaCMng ^-thy-n 
gj-ycoj. moiety to said a-*- i«.4. 

cysteine n * 6aSt one n on-native 

oystexne of said CAV produced by culturing a host 
cell containing and capable of expressing a dna 
sequence encoding said CAV. 

^e of a CAV of claims i- 10 for the 
suitable for stimulating hematopoiesis. 
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FIGURE 1 
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CTC GCG ATC TTC TAG 
Leu Ala He Phe stop 
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FIGURE 2a 

ATG 
MET 

ih 2 2 5 s S 2 5 2 s s: 2 s 
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5SS2222S22222 

40 

S 2 His 2 Leu S 2 2 S 2 
2 2 2 2 2 5 2 2 2 2 2 2 2 
S2S2222S52222 

80 

CAT AGC GGC CTT Tfn CTC Tar /■.*,-. 90 

His ser Gly Leu Tyr £n 5° r CTG CAG GCC 

j.yr em Gly Leu Leu Gin Ala 

?Z GGG ATC TCC «* GAG TTP, - 

L, U ciu Gly Xle Ser Pro Glu Leu 55 — £TG GAC 

S Su a £ S P C B2 - - S S £ iie 
5 S S S a a 2 9 Met S S S = 

s a a Giy a s a a a a - - 
a a a a ^ a g a a a a a a 
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FIGURE 2b 



160 

St G o GC TTC CTG GAG GTG TCG TAC CGC GTT CTA CGC 
Leu Gin ser Phe Leu Glu val Ser Tyr Arg Vai LeS Arg 

170 174 
CAC CTT GCC CAG CCC T 
His Leu Ala Gin Pro 
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SS aS aS £g «» g. cys ser Leu As„ Glu 

TAG TGC TGC cS S £ St SS S tS 22 £a s? 

40 

»5 aS S Si S Jg 22 S4 »?» «» Tyr Ala 

TTA TAG TGA CAG gS ^ TGG TTT CAA TTG AAA SS Sc 

tS aS a S SS §1 S T Sc SiS 25 Ala val G1 » ™ 

ACC TTT TOT TAG Sa £g SS Sc S St St S 

ss sa s ss Sa is is s u Aia %1 *~ »*» 

ACC GTC CCT AAT Sc SS AAT Jg SS £ 2 2S SS 

K SS SS s; is 2a »f» s= •« «« »» Trp giu 

CCA GTC CGA i5 AAT SS StS SS SS Sc Sg let Sc 

SS SS SS SS S» Sg SS is ila val «* ^ 

CGG GAT GTC GAC Sa SS SI SS Sg' Jg SS. GAA 

SS JS SS S? aS SS SS SI SS S u G1 * 25 

CCG TCG GAG TGG TGA gg SaA GCC g g" SS SS gSc 
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FIGURE 3b 

Lys Glu Ala lie Ser Pro Pro Asr> Ala c«»- ,i, »i 

SSS 2£ SS £S S 2* ° I? « § « ?£ SS Si? 

CGG TAG AGG GGA GGT CTA CGC CGG AGT CGA CGA 

130 

5 ctc cg! 2j J J! IS Ala Asp Thr Phe Leu 
£5* ~ ACA ATC ACT GCT GAG ACT TTC CGA AAA CTC 

GGT GAG GCT TGT TAG TGA CGA CTG TGA AAG GCT T^T* GAG 

145 

sssssssssssss 

STOP 

TAA TAATGATAGGATCCT 

ATT ATTACTATCCTAGGAGATC - 5« 



